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Basis of the report 
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j I the international appUcation as origiiially fned/furnished 
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pages 1, 5, 6, 8, 9 as origmaUy fUed/fumished 
k pages* 7 received by this Auttiority on 27 June 2005 with the letter of 27 June 2005 

pages* 2-4 a received by this Authority on 12 October 2005 with the letter of 12 October 2005 



[3n the claims: 



[x] the drawings: 



pages 11, 13 as originally filed/fiimished 

pages* as amended (together with any statement) under Article 19 

pages* 1.0, 12 received by this Authority on 12 October 2005 with the letter of 12 October 2005 

pages* received by diis Authority on with the letter of 



pages 1/5-5/5 as originaUy fUed/fumished 
pages* receivedby this Authority on with the letter of 
pages* receivedbythis Authority on with the letter of 

\ I a sequence Usting and/or any related table(s) - see Supplemental Box Relating to Sequence Listing. 
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I I the claims, Nos. 

I I the drawings, sheets/figs 
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I I any table(s) related to the sequence listing (specify)i 
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' — ' made, since they have been considered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 
70.2(c)). 

I I die description, pages 

j I the claims, Nos. 

I I tiie drawings, sheets/figs . 

I I die sequence listing (jpeciJJ'): 

|~| any table(s) related to the sequence listing (specify): 

* If item 4 applies, some or all of those sheets may be marked "superseded. " 
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BOX NO. V Reasoned statement under Article 35(2) with regard to noveily. inventive step or indnstrlal appUcabUity; 

Citations and explanations supporting such statement 



1. Statement 



Novelty (N) 


Claims 


1-31 


YES 




Claims 




NO 


Inventive step (IS) 


Claims 


1-31 


YES 




Claims 




NO 


Industrial applicability (lA) 


Claims 


1-31 


YES 




• Claims 




NO. 



2 Citations and e^lanations (Rule 70.7) 

The following documents identified in the Intemational Search Report have been considered for the purposes of 
I this report: 

Dl US 5995223 A 
D2 US 6020963 A 

Novelty fNTt 

Claims 1-31 meet the criteria set forth in PCX Article 33(2) for novelty. The prior art published before the 
. pSd^teT^nitSlsespUttingtheinputbeamintoo^^^^ 



Inventive Step GS) 

aaims 1-31 meet the criteria set out in PCT Article 33(3) with regard to the reqi^^^ 

because the prior art does not obviously suggest to a person skilled in flie art sphttmg the mput beam mto 

orthogonally polarised first and second basis beams. 

TnHiigtrial Anplicabilitv flA^ 

The invention defined in the claims is considered to meet the requirements of Industrial AppUcabiUty under 
Article 33(4) of the PCT because it can be made by, or used m, mdustry. 
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7 . 

cables 36 and 34 are appropriately scaled and differenced by pre-processor 27 to 
produce a signal conBspondlng to the S2 Stokes parameter on cable 40. 

The S2 and S3 signals from pte-prooessors 27 and 37 are processed by 
processing module 39 to calculate ^= anstatt(S3/S2) which is the phase difference 
5 Imparted by piece 7. In one Implementation, processing module 3fl includes a 
suitably programmed fast digital processor and associated analog-to<ilgltal 
convertere to calculate the arctangait funcQon. The processing module may also 
control a digital display 43, by means of cable 41, In order to generate a visual 
readout 0^4' 

10 The Sa and S3 detedws may be qonfigured to measure the temporal variation 

In the output, the spatial variation in the output, or both. That is, the photodetecBon 
part of the detectors may Include, but are not limited to, single element detectors (for 
example, PIN photodiode or PMT) or spatial Imaging components (for example, CCD 
Of CMOS camera). In the latter case, the signal processing must be applied on a 
15 pixel by pixel basis. 

It will be realised that embodimente of the present invention Involve, 
decomposing the output beam 12 into a pair of analysis beams that are analysed In 
bases different to that used to constnict the Input. Each oonriponent in the new bases 
can be expressed as a .linear superposifipn of components of the original baste, 
20 beams 8 and 8, with a known reterttonship between them. Thiis thfe relationship may 
be used to extract the relative phase shift between the relterence and probe arms. 
This is then, exactly, the phase shift impaited to electromagnetic radiation by the 
physical system under study.. Those skilled in the art will appreciate that equivalent 
behaviour can be realised v»rith any two orthogonal modes, e.g. orthogonal transverse 
25 spaBal modes of the field, and a phase extracted from them by an appropriate 
homologue of the Stok^ parameters (see for example N. K. LangfonJ et al.. Physical 
Review Letters vol. 03, 053601 (2004), the contents of which is hereby Incorporated 
In its entirety by cross-reference). 

An embodiment of the invention which makes use of orthogonal spaKal modes 
30 is depleted In use In Figure 5. \Nm reference to that Figure, beam 45 from laser 3 Is 
IncWent on a beam splitter 47 whteh splits the beam into beams 48 and 57. Beam 49 
is Incident on hologram 51 which converts beam 49 into a different transverse spatial 
mode beam 53. Beam 53 then passes through test piece 7 which Imparts a phase 
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SUMMARY OF THE INVENTION 

According to a first aspect of the present invention there Is provided an interferometer 
including: 

a beam displacing assembly arranged to split an input beam into orthogonally- 
5 polarised first and second basis beams and to combine said basis beams to produce 
at least one output beam; and 

a phase analyser an-anged to analyse the at least one output beam in two 
polarisation bases that are superpositions of the first and second basis beams and 
arranged to detennine a difference in phase shift imparted to one of said basis 
1 0 beams relative to the other by a test piece. 

In one embodiment the beam displacing assembly includes first and second 
polarising beam displacers. 

The second polarising beam displacer may be orientated inversely relative to 

1 5 the first polarising beam displacer. 

Preferably a half-wave plate is located between the first and second polarising 

beam displacers. 

The phase analyser may comprise a polarimetric phase retrieval assembly 
arranged to calculate the phase shift on the basis of signals representing Stokes 
20 parameters associated with the output beam. 

In one embodiment the beam displacing assembly is arranged to impart 
horizontal and vertical polarizations to the first and second basis beams. 
^ Preferably the phase analyser comprises a polarimetric phase retrieval 

assembly including half-wave and quarter wave plates to transfomn left and right 
25 circular components of the at least one output beam into corresponding vertical and 

horizontal components. 

Preferably the interferometer includes means to discriminate be^een the 

vertical and horizontal componente. 

In a preferred embodiment photodetectors are included to produce electrical 
30 signals corresponding to the vertical and horizontal components. 

The interferometer may include means to combine the electrical signals to 
produce signals corresponding to Stokes parameters. 
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Preferably a processor is provided that is responsive to the signals 
corresponding to the Stokes parameters and arranged to generate a signal indicating 
a phase shift imparted to one of the basis beams relative to the other. 

The beam displacing assembly may include a beam splitter arranged to split 
5 the input beam into the separated first and second basis beams 

In one embodiment the interferometer includes first and second holographic 
plates arranged to impart respectively orthogonal spatial modes to said firet and 
second basis beams. 

Preferably the interferometer Includes a means to superpose the first and 
1 0 second basis beams thereby creating said at least one output beam. 

The means to superpose the first and second basis beams may comprise a 
) beamsplitter. 

Alternatively, the means to superpose the first and second basis beams may 
comprise a holographic plate. 
15 In one embodiment the means to superpose the first and second basis beams 

produces first and second output beams comprising a superposition of transverse 
spatial modes. 

In one embodiment the phase analyser includes a number of spatial mode 
analysers each including a means to convert a desired one of said transverse spatial 
20 modes to a lowest order spatial mode. 

Preferably the means to convert one of said transverse spatial modes to a 
lowest order spatial mode comprises a holographic plate. 
^ Preferably the spatial mode analysers each include a spatial mode filter 

arranged to filter light from the holographic plate. 
25 The spatial mode filter may comprise a single mode optical fibre. 

Preferably light from said optical fibre is converted to a conresponding 
electrical signal by means of a photodetector. 

It is desirable that the interferometer include means to combine corresponding 
electrical signals from each of the number of spatial mode analysers in order to 
30 obtain signals representing Stokes parameters. 

Preferably a processor is provided that is arranged to process the signals 
representing Stokes parameters in order to generate a signal corresponding to a 
phase shift imparted to one of said basis beams relative to the other. 
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According to a further aspect of the present invention, there is provided an 
interferometer including: 

means for splitting an input beam into an orthogonally-polarised first pair of 

basis beams; 

5 means for recombining said first pair of basis beams to fomri at least one 

output beam; and 

means for processing the at least one output beam in two polarisation bases 
that are superpositions of the first pair of basis beams to detenmine a relative phase 
shift imparted between the first pair of basis beams. 
1 0 The means for splitting the input beam may be arranged so that the first pair of 

basis beams comprises respective orthogonally polarized beams. 

More particularty, the means for splitting the input beam may be arranged so 
that the first pair of basis beams comprises respective horizontally and vertically 
polarized beams. 

1 5 Preferably the means for processing the at least one output beam comprises a 

polarimetric phase retrieval assembly. 

Alternatively, the means for splitting the Input beam is arranged so that the 
first pair of basis beams comprises respective orthogonal spatial mode beams. In 
that case the means for processing the at least one output beams may include a 
20 number of spatial mode filters 

The polarimetric phase retrieval assembly will preferably be arranged to 
calculate the phase shift from signals representing Stokes parameters. 
^ Further preferred features of the present invention will be described in the 

following detailed description of exemplary embodiments wherein reference will be 
25 made to a number of figures as follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of an interferometer according to a preferred 

embodiment of the invention. 
30 Figure 2 is a block diagram of an interferometer according to a further 

embodiment of the invention. 

Figure 3 is a block diagram of an interferometer according to another 

embodiment of the invention. 



AD^ENOED SHEr* 



4a 



PCT/AU2004/001 160 
Received 12 October 2005 



Figure 4 is a block diagram of polarimetric phase retrieval module according to 
a preferred embodiment of the invention. 

Figure 5 is a block diagram of an interferometer according to a further 

embodiment of the Invention. 

Figure 6 Is a block diagram of a spatial mode analyser used In the 

interferometer of Figure 5. 
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Claims: 

1 . An interferometer including: 

a beam displacing assembly anranged to split an input beam into orthogonally- 
polarised first and second basis beams and to combine said basis beams to produce 
at least one output beam; and 

a phase analyser anranged to analyse the at least one output beam in two 
polarisation bases that are superpositions of the first and second basis beams and 
arranged to detemiine a difference In phase shift imparted to one of said basis 
beams relative to the other by a test piece. 

2. An interferometer according to claim 1 . wherein the beam displacing assembly 
includes first and second polarising beam displacers. 

3. An interferometer according to claim 2, wherein the second polarising beam 
displacer is orientated inversely relative to the first polarising beam displacer. 

4. An interferometer according to claim 2, wherein a half-wave plate is located 
between the first and second polarising beam displacers. 

5. An interferometer according to claim 1 wherein the phase analyser comprises 
a polarimetric phase retrieval assembly anranged to calculate the phase shift on the 
basis of signals representing Stokes parameters associated with the output beam. 

6. An interferometer according to claim 1 , wherein the beam displacing assembly 
is arranged to impart horizontal and vertical polarizations to the first and second 
basis beams. 

7. An interferometer according to claim 6, wherein the phase analyser comprises 
a polarimetric phase retrieval assembly including half-wave and quarter wave plates 
to transform left and right circular components of the at least one output beam into 
con-esponding vertical and horizontal components. 

8. An interferometer according to claim 7. including means to discriminate 
between the vertical and horizontal components. 
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18. An interferometer according to claim 17, wherein the phase analyser includes 
a number of spatial mode analysers each including a means to convert a desired one 
of said transverse spatial modes to a lowest order spatial mode. 

19. An interferometer according to claim 18, wherein the means to convert one of 
said transverse spatial modes to a lowest order spatial mode comprises a 
holographic plate. 

20. An interferometer according to claim 19, including a spatial mode filter 
arranged to filter light from the holographic plate. 

21. An interferometer according to claim 20, wherein the spatial mode filter 
comprises a single mode optical fibre. 

22. An interferometer according to claim 21 . wherein light from said optical fibre is 
converted to a corresponding electrical signal by means of a photodetector. 

23. An interferometer according to claim 22, including a means to combine 
corresponding electrical signals from each of the number of spatial mode analysers 
in order to obtain signals representing Stokes parameters. 

24. An interferometer according to claim 23, including a processor an-anged to 
process the signals representing Stokes parameters in order to generate a signal 
corresponding to a phase shift imparted to one of said basis beams relative to the 
other. 

25. An interferometer including: 

means for splitting an input beam into an orthogonally-polarised first pair of 

basis beams; 

means for recombining said first pair of basis beams to fomn at least one 
output beam; and 

means for processing the at least one output beam in two polarisation bases 
that are superpositions of the first pair of basis beams to determine a relative phase 
shift imparted between the first pair of basis beams. 



